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The Small Homes Council-Building Research Council 
was established by the University of ffiinois as an agen-
cy for research, publicatio~ education, and public ser-
vice in the area of housing and building. Its program is 
keyed to take advantage of the many University resour-
ces-its laboratories and specialists-in many subjects 
related to housing and building. 
The Council conducts research independently or 
jointly with other departments, primarily under the 
sponsorship of governmental agencies, trade associa-
tions, and individual companies. Such projects are sup-
plemented by those funded by the University and from 
the sale of publications. These projects have been 
primarily in the areas of construction and design. 
Many of the Council's studies have been in the areas 
of simplifying construction methods and adapting 
large-scale building techniques to the needs of the small 
builder. Of particular importance has been the work in 
roof-truss and floor-truss construction, and the wall-
panel framing system. One of the major research con-
cerns has been with how much space families need in 
their homes and how it should be arranged. Special at-
tention has been given to the design of kitchens, and to 
energy conservation and solar utilization. 
Unless research findings reach the hands of people 
who can use them, research is of little value. For this 
reason, publications are an important part of the 
Council's program. A complete listing of Council pub-
lications is available upon request to the Council at One 
East Saint Mary's Road, Champaign, IL 61820, or by 
calling (800) 336-0616. This activity is a non-profit but 
self-supporting one, which is necessary because a major 
proportion of the publications is distributed out of state. 
In addition, the Council extends its information ser-
vices to homeowners and industry by conducting a 
limited housing advisory service. Specific questions 
relating to planning and constructio~ not rovered in 
SHC-BRC publications, are answered by staff members 
within the limitations of the demands of education and 
research on their time. These inquiries preferably 
should be made by mail. The Council does not draw or 
review house plans for individuals. Telephone inquiries 
should be restricted to morning hours, Monday through 
Thursday, except in emergencies, to (217) 333-1801. Per-
sonal visits may be made to the Council offices at One 
East Saint Mary's Road, Champaign, lllinois. Appoint-
ments are preferred. 
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This publication is intended to increase the under-
standing of cracking or separation of finish materials oc-
casionally found in light-frame wood construction. In 
many cases, the probl~m is caused by shrinking or 
swelling of the wood framing members due to changes 
in moisture content. Although unsightly, these cracks 
and separations are basically cosmetic and pose no 
structural problems. It is important to be able to dif-
ferentiate between movement caused by the instability 
of wood and that caused by foundation movement or 
structural failure, which can cause major problems. 
With the advent of the energy crisis in the 197<Ys, the 
use of large amounts of insulation became common. At 
about the same time, the cracking problem evolved, 
which I generally call Ceiling-Floor Partition Separation 
(CFPS). Cracks developed in the finish materials or be-
tween the ceiling and the partition walls, or between the 
floor and the partitions. 
Even though the wood roof truss is by far the most 
common method of roof framing, cracks and separa-
tions cannot be attributed exclusively to wood trusses. 
Other types of wood construction, such as joist and 
rafter framing, and the more recent wood 1-joists, can 
show cracking or bowing. CFPS is found predominate-
ly in the colder climates and where greater depths of in-
sulation have been used. CFPS has been reported from 
Denmark, Sweden, England, and Canada, as well as in 
the United States. 
CFPS can be the result of one factor or a combination 
of things happening at the same time. Because cracks or 
separations caused by changes in dimension of the 
wood components are temporary, required corrective 
measures should not include replacement of the roof 
system. 
Attic Moisture 
High humidity in the attic space wiH cause wood fram-
ing members to absorb moisture. If the humidity in-
creases to the point of condensation on roof sheathing 
and framing members, the wood can approach satura-
tion. The top chord of a truss can absorb moisture and 
expand, while the bottom chord, buried in insulation 
and absorbing heat from the living areas below, can dry 
to a low moisture content and shrink. The primary 
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change in dimension of wood with change in moisture 
content is in width and thickness. However there is also 
. . I 
some dimensional change in length as well, the amount 
depending upon the species and where in the log the 
member originated. Therefore, the combination of these 
two opposing actions, reduction of moisture in the bot-
tom chord and absorption in the upper chord, can cause 
the truss to bow or arch upward. In the summer, the 
solar heating of the attic can dry the exposed framing, 
causing the truss to return to its original position. The 
same action can occur in ceiling joists partially im-
bedded in insulation. A brief discussion on longitudinal 
shrinkage can be found in the Appendix. 
Humidity problems can be caused from improperly 
venting the bathroom and kitchen vents into the attic 
space. Even more serious is the discharge of moisture 
from the clothes dryer into the attic. Venting moisture 
sources into the attic should not be allowed. 
When adding insulation to an existing attic, soffit 
vents are often inadvertently closed off or covered, 
which blocks the path of air movement through the 
attic, as shown in Figure 1. Adequate ventilation of the 
attic is essential to control attic humidity. 
Another significant source of moisture in the attic can 
be the crawl space, because moisture moves not only 
through the living area, but also through the stud spaces 
added insulation 
should not block 
soffit vent 
Figure 1. Insulation may block air movement from the soffit 
vents into the attic space. 
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Figure 2. When the trusses are parallel to the partitions, in-
stall 2x6 nallen for fastening the ceiling materials. Do not 
nall the ceiling material to the boHom chorda near partitions. 
of the walls and interior partitions, particularly plumb-
ing walls. The crawl space ~ould be vented through 
foundation vents if there is a moisture problem, and the 
soil surface should be covered with a polyethylene 
vapor retarder. Providing proper outside grading (six 
inChes of slope away from the foundation in the first ten 
Pamtlon lo~ truss up. 
(a) 
{b) 
Figure 4. A concrete floor slab over an expansive-type clay 
soU can (a) bow up in the center, or (b) rise at the perimeter. 
Either can cause CFPS. 
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Figure 3. When the trusses are perpendicular to the partitions, 
install ..,dead wood* blocking to attach the ceiling finish 
materiaL Do not nail the finish material to the buss chord for 
12-16 inches on either side of the partition. 
feet) will move rain water away from the structure and 
reduce seepage through the foundation walls. 
Ceiling Drywall Nailing 
Nailing the ceiling drywall directly to the bottom chord 
of the truss near the partition can increase the prob-
ability of visible cracking. If any shrinkage or move-
ment occur~, cracks can develop at the partition line. 
One suggested construction practice is to install "dead-
wood" blocking to the top of the partition wall plates 
between the trusses. These blocks provide a nailing sur-
face for the drywall. The drywall is not nailed to the bot-
tom chord of the trusses for 12-16 inches from the 
partition, as shown in Figures 2 and 3. Several 
proprietary clip-type devices have been developed to 
take the place of 11dead-wood" blocking, but I have no 
firSt-hand personal evaluation or research information 
on these devices. 
The amount of heat absorbed by the lower chord of 
the truss or ceiling joist can be reduced by installing 
rigid insulation board between the drywall and the 
chord or joist. The insulation should be fastened to the 
blocking as well. 
Other Causes 
While research has shown that some ceiling joists, !-
joists, and trusses actually do bow or arch upward, 
there are several reasons not necessarily associated with 
trusses which. can cause CFPS to occur. Following is a 
list of other known causes, which do have implications 
of structural problems, with some recommendations to 
reduce the possibility of cracks and separations. 
Foundation Settlement. Settlement of the floor girder 
support pads and the effects of freezing/thawing on the 
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Shallow concrete pad where water 
table is high. Vibration and floor 
loads can cause girder column and 
pad to settle excessively 
Figure 5. Crawl-space details such as this have the potential 
for cracks and separations. 
perimeter foundation can produce the same effect at the 
junction of the ceiling and partition walls as truss arch-
ing. Foundation details are important. Footings which 
extend below the frost or freeze line are essential to 
prevent frost heave, particularly if the building is left 
unheated during part of a winter season. A second 
source of movement may be the method of supporting 
the floor girders in crawl-space construction, especially 
in areas with a high water table. The footings under the 
girder columns should be large enough to prevent set-
tlement or tipping in the soft soil, which may become 
plastic under load. 
Expansive Soils. Movement of concrete slabs built on 
expansive-type clay .soils also can cause cracks and 
separations. Shrinking or swelling of expansive clay 
soils can cause a concrete slab to either bow upward 
near the center or raise around the perimeter of the 
structure. This is caused by differences in the moisture 
content of the soil. These expansive soils are most 
prevalent in the semi-arid regions of the country, run-
ning from the eastern two-thirds of Texas into Louisiana 
and northwest through the great plains. They also occur 
in some parts of California. Expansive clay soils exhibit 
the most extreme movement in areas which have rela-
tively heavy rainfall for short periods of time followed 
by lengthy periods of dryness or only slight rainfall. 
In truss-roof structures with partitions essentially 
near the center, cracks can occur at the ceiling line of the 
exterior walls if the slab bows up, as shown in Figure 
4a. On the other hand, if the soil around the perimeter 
expands, one or both ends of the truss can be raised, 
causing cracks to develop at the ceiling line of the par-
tition walls and the truss, as in Figure 4b. As the soil 
moisture equalizes, the slab may return to its normal 
position and the cracks close. 
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roof truss 
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i 
with camber--____;:,;~ 
Figure 6. If the roof trusses are fabricated with a cambe1;. 
shims should be installed between the bottom chords and 
the partition plates to prevent pulling out the camber. 
Wood Shrinkage. Excessive shrinkage of the wood 
framing members, including the girders, girder shims, 
sill and perimeter wall plates, floor joists, and partition 
wall plates, can also cause symptoms similar to truss 
rise. Figure 5 shows a typical crawl-space detail where 
excessive shrinkage and settlement can cause cracks 
and separations. 
To prevent problems from this source, the builder 
should use lumber that has been properly dried, then 
properly protected during shipment, storage and han-
dling. When preservative-treated lumber is used for sill 
plates, less shrinkage occurs if the material has been re-
dried after treatment 
Deliveries to the job site should be carefully 
scheduled to reduce the length of time the components 
are exposed to the elements. The higher the moisture 
content of the lumber at the time the building is covered, 
the greater the percentage of shrinkage and the greater 
the possibility of CFPS. The use of joist hangers can 
reduce the effects of cumulative shrinkage because the 
joists are in the same plane as the girder and not stack-
ed on the girder as shown in Figure 5. 
Camber. Some truss firms fabricate trusses with a slight 
upward bow or camber in the lower chord. In theory, 
the lower chord is supposed to flatten out as the truss is 
loaded with the weight of the construction materials, 
but this rarely happens with roof trusses. If the field car-
penters ''pull out" the camber during attachment of the 
truss to the partition, the truss may tend to return to its 
cambered position during the first heating season. If the 
attachment is strong enough to prevent the truss from 
lifting off the partition, a separation could occur at the 
partition-floor line. 
If the trusses are fabricated with a camber, the recom-
mended practice is to install thin shims or spacer blocks 
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between the bottom chord and the partition plate, as 
shown in Figure 6, to prevent pulling out the camber. 
Shorter roof trusses should not be built with camber. 
Corrective Measures if CFPS has Occurred 
1. Recommendations suggest waiting through at least 
the first heating season, preferably two, to determine 
what is causing the cracks or separations to develop. 
2. Check the attic and crawl space for adequate ventila-
tion. Remove any exhaust openings vented into the attic 
or crawl space. Vent them to the outside. Move any in-
sulation covering the soffit vent system in the attic. 
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3. If the truss is arching or bowing upward, remove the 
ceiling drywall fasteners 12-16 inches from the wall and 
install blocking for re-attaching the edges of the 
drywall. 
4. Install crown molding at the ceiling line. (Note: fas-
ten the molding to the ceiling, not walls.) Subsequent 
repainting should be done during the heating season or 
when the cracking or separation is at the maximum. 
5. Do not cut the web members of the truss. This action 
destroys the structural integrity of the truss. Further-
more, there are known incidents where CFPS has 
recurred after web members had been cut. 
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Appendix 
The upward deflection of a truss as a result of lon-
gitudinal shrinking or elongation can occur because the 
lumber is finnly restrained by "rigid" connections and 
with any shortening of the lower chord or lengthening 
of the upper chords, or both, the truss could bow up-
wards. The loss of moisture could cause a slight shor-
tening of the lower chord, forcing the truss upwards 
while an increase in moisture in the upper chords could 
cause lengthening and enough force to pull the truss up-
. ward. 
This table shows the· average, extremely small lon-
gitudinal shrinkage values of three lumber species com-
monly used in construction. 
SYP.= 0.0127% ) 
D. Frr= 0.0073% 
W. Hem.= 0.0063% 
for each 1% loss in M.C. 
For example, consider the lower chord of a 28-foot 
SYP truss, deeply embedded in insulation. Absorbing 
heat from the living area below, the lumber can dry 
down to 7% from 19%, a difference of 12% M.C. 
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0.0127 X 12 = 0.0152 
0.0152 X 336" = 0.51" 
(shortening) 
In terms of the mathematics of a circle, shortening the 
bottom chord 0.51" can produce the arc of a circle with 
a 0.70" upward deflection from a straight line. 
However, because of variations between species, 
variation between trees from different locations in the 
forest, the age of the trees when cut, and variations in 
the lumber from the same tree, shortening and 
lengthening does not always take place unifonnly, and 
sometimes not at all. In addition, slight slippage of the 
wood around the metal teeth of the truss plate, the 
orientation of the growth rings in the lumber, the num-
ber of pieces used to form the lower chord, the way·the 
trusses are fastened to the walls, the amount of ventila-
tion~ the relative humidity, the thickness of the insula-
tion, along with the other factors discussed earlier, make 
predicting when CFPS will occur almost impossible. 
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